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Abstract. The evolution of computer tools has had profound impacts on many aspects of con-
trol rooms and control room studies. In this paper, we discuss some key assumptions underpinning
these studies based on a new case of the electricity distribution control rooms, where the reliability
of the electricity infrastructure is managed by a combination of planning and real-time mainte-
nance. Some of these practices have changed remarkably little over the past decades — partially
because they have been considered to have been ‘digitalized’ since the 1950s and have continued to
amass digital solutions from different periods. Hence, the gradual transformation of control room
work demands nuanced attention, both conceptual and empirical. To outline a framework for this
work, we provide a conceptualization of organizational routines, habits, and reflectivity and synthe-
size existing CSCW and control room literature. We then present an empirical study that demon-
strates our concepts and shows how they can be applied to study cooperative work. By addressing
these aims the paper complements, and advances, the important topics recognized in this special
theme issue and hence develops new research openings in CSCW. We address the necessity to
avoid implicit determinism when analyzing new digital support tools and suggest focusing on how
working habits mediate social changes, distribution, and decentralization in representing the power
distribution in control rooms.

Keywords: Electricity distribution control rooms, Habits, Sensemaking, Digitalization,
Marketization

1 Introduction

The objective of this paper is to produce research concepts for the study of con-
trol rooms that have highly programmed working routines but encounter con-
stantly changing conditions and a myriad of technological changes. The design,
implementation, and use of technical systems, and people working coopera-
tively, are themes intrinsically connected to the research on control rooms. These
interconnections have been studied extensively and a control room forms an
established research site in various fields; ranging from workplace studies and
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ethnomethodological scholarship (Heath and Luff, 2000; Gobo, 2008; Suchman,
2011) to urban and geographical studies (Anderson and Gordon, 2017; Luque-
Ayala and Marvin, 2016) and organizational studies over several decades (Roe
and Schulman, 2008, 2018; de Bruijne and van Eeten, 2007; Schulman and Roe,
2007; Schulman et al., 2004).

The Computer Supported Cooperative Work (CSCW) journal has dedicated
several studies (Pettersson et al., 2004; Purohit et al., 2014; Almklov et al., 2020)
and systematic reviews to the control rooms literature within CSCW (Blomberg
and Karasti, 2013; Randall et al., 2021). The core theme of social change and
new working methods and devices, such as digital support tools (Letondal et al.,
2013; Panagiotou et al., 2016) and social media platforms (Purohit et al., 2014),
have underpinned many commentaries, including this special theme issue. This
shared theme puts the scholarly discourse into a dilemma: the research field is
dedicated to the study of everyday work vis-a-vis its immediate contexts (Dster-
lie et al., 2012; Almklov et al., 2014), yet technologies developed outside of the
control room cause changes in social working practices inside these rooms. The
call for papers is a case in point: it places together new digital technologies with
decentralization, distribution, and fragmentation, implicitly suggesting that there
is an ongoing shift in all these directions, potentially amplified by technological
revolutions in the workplace.

This dilemma is certainly visible in our field of infrastructure studies. We will
use two popular and appealing diagnoses as examples to root our concept on eve-
ryday control room work: starting from the earlier discourse of marketization of
infrastructure and proceeding to more recent visions of merging electricity infra-
structure with information infrastructure, or “digitalization” as it is often called
(International Energy Agency, 2022).

Graham and Marvin (2001) linked systems like telecommunications, roads,
energy, and waste management with cities and urban life. Urban planners, engi-
neers, and national and regional policymakers shared a “modern infrastructural
ideal” that drew on rational planning and emphasized universal infrastructure
provision, uniform service pricing, and the role of infrastructures in increasing
welfare.

Such an almost ubiquitous rationale for universal infrastructure provision in
industrialized countries started to be critiqued in the 1960s. Emerging economic
theories addressed infrastructural issues — e.g., breakdowns and urban sprawl — by
creating more room for commercial interests in infrastructure provision. Infra-
structures everywhere are converging towards more competitive liberalized pro-
vision, which Graham and Marvin (2001) coined as “splintering urbanism” due
to its fragmenting of previously universal public infrastructures and consumers.

The “splintering urbanism” thesis hence constitutes one grand diagnosis of polit-
ical economies and their impacts on infrastructure provision. A new and closely
related narrative emerged several years ago in the field of electricity grids. Slayton
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(2013, p. 449) describes it as “digital utopianism™: “the belief that digital infor-
mation and communications technologies will revolutionize human affairs for the
better”. Electric grids are “rewired” with information infrastructures, creating “a
system designed to enable power producers, transmission operators, distribution
systems, and consumers to exchange information seamlessly” (p. 449). The Interna-
tional Energy Agency (2022, n.d.) and its visions of “digitalisation” and “digitalised
energy systems in the future” are familiar from this perspective, with their focus
on connectivity and instant information exchange, bringing forth a market-based
conclusion with digital applications giving abilities to “identify who needs energy,
deliver it at the right time, in the right place and at the lowest cost.”

We contend that to avoid implicit technological determinism, these changes
should be posed as problems for nuanced empirical inquiry. In our field of infra-
structure studies, it is plausible to assume that certain aspects of control rooms have
been changed by digital tools and associated new market-based relationships. Yet
some control room practices have changed remarkably little, partially because they
have been ‘digitalized’ since the 1950s (Cohn, 2015) and because control rooms
have continued to amass digital solutions from different periods. To grasp the effects
of new technologies on (the transformation of) control room work thus demands
nuanced empirical attention to cooperative interaction in situ.

Our paper zooms into one such site: the electricity distribution control room,
where the reliability of the electricity infrastructure is managed by a combination of
planning and real-time maintenance. The paper builds both conceptually and empir-
ically: we provide a synthesis of existing CSCW and control room literature, but
also present an empirical study that demonstrates our concepts in action and shows
how they can be applied to study cooperative work.

We start off by reviewing cornerstone concepts, namely habits, reflectivity, and
organizational and working routines. This is followed by literature that was col-
lected from the archives of CSCW on control rooms but extended to related journals
in human geography, organizations, and information systems to represent the inter-
disciplinary field. We then introduce the methods and materials before moving on
to analyze the electricity distribution control room. The key results — social change,
routines, and sensemaking — are presented in related subsections. The final part con-
cludes with future directions for CSCW research on control rooms based on our
findings.

2 Review and conceptual perspective
2.1 The concepts of habit, routine, and reflection

To frame the main issues of the paper, conceptual work is needed. Practices, habits,
routines, reflectivity, and reflexivity are popularly used in control room studies albeit
not always well-elaborated as research concepts. Moreover, while some of the concepts
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are used interchangeably, we discuss their differences and point out different method-
ologies they unfold to add rigor to conceptual frameworks for control room studies.

The shared starting point of the CSCW literature on control rooms is the study of
working practices. Practices, drawing from ethnomethodology (see review in Silvast
and Virtanen, 2021), are designated generously as everything that goes on in every-
day human work in its accomplishment, rather than its rational accounts only (Dster-
lie et al., 2012; Almklov et al., 2014). We acknowledge the need to study practices,
but instead of the phenomenology-inspired ethnomethodology and the concept of
practice, our research work is rooted in pragmatist philosophy and in its core con-
cept of habit."

Habits do not mean routines, mannerisms, or action that is repeated mechani-
cally (Kilpinen, 2000, p. 57). Rather, habits are the most continuous and general
aspect of action; all action is already ongoing and always to some extent habitual.
Habits also direct action which becomes apparent whenever habitual action is
interrupted. A habit is a belief that is effective as long as it is not interrupted by
a “doubt”, which in turn can lead to the formation of new habits (Kilpinen, 2000,
pp. 217-28). This idea is called the circularity of action, and to pragmatists,
reflectivity is an outcome of doubt in this circle; habitual action is interrupted and
reflecting brings one back to the state of belief.> Yet reflection also takes place
in action, not before or outside it, and as habits are generalizations from previ-
ous experiences, they become a resource for reflective phases of action, such as
decision-making. In this context, then, doing and sensemaking, or creativity and
habituality in pragmatist terms (Kilpinen, 1998), cannot be fully separated.

! When speaking about pragmatism and habits, we are particularly indebted to the research of the late Finn-

ish sociologist Erkki Kilpinen. Kilpinen (2000) outlined American pragmatism as a parallel classic tradition in
sociology, which was largely neglected by Talcott Parsons, but vindicated throughout the last decades of the 20th
century (Camic, 1986; Robertson and Turner, 1989). The tradition covers several classic pragmatist philosophers,
but the concept of habit is particularly based on the work of Charles Sanders Peirce, William James, and John
Dewey. The notion of habit lies at the heart of pragmatism’s approach to action. Habits are elementary forms
of any action which involves also (cognitive) intentionality — and thus also creative action — as part of habitual
action processes (Kilpinen, 2016, 2009). These action processes are not individual but develop and occur as
shared and collective. We develop such a notion of habit alongside our analysis of control room practices as not
mere routinization of single intentional acts nor non-intentional repetition either but as habitual chains of action
during which also cognitive reflection takes place. This pragmatism is not merely a metatheoretical stance but
opens up several ways to conduct empirical research also beyond the scope of the present paper. For instance,
the connections between collective habits and frameworks for “communities of practice” applied in CSCW (Su
et al., 2012; Sandusky, 2003; Biischer et al., 2001) would merit further attention. Future studies in the CSCW
area could ask whether and if so, how, collective workplace habits also allow people to share relevant knowledge
and experience in their communities of practice.

2 This meaning of ‘reflectivity’ is complementary but potentially different from the ethnomethodologically-
inspired concept of ‘reflexivity’. Whereas pragmatism does not separate creativity and habits per se, eth-
nomethodologists tend to treat doing and sensemaking as analytically separable. Ethnomethodologists approach
social orders as constantly emerging in situational interactions through shared sensemaking. In this framework,
the concept of reflexivity refers to partaking actors’ sensemaking of (the production of) the social structured-
ness of the setting at hand; the actors involved become “reflexive” of both making sense of the social setting
and the ongoing production of that setting (Heritage, 1984).
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The rich tradition of CSCW has been particularly interested in material tools
and working practices in difficult settings such as control rooms. It thus offers
several qualifications which can be further elaborated from a pragmatist point
of view. First, adopting pragmatism does not need to imply a focus on human
actions only. Reflection often arises from interacting with materiality such as
infrastructures, technologies, tools, and devices, from visual models to check-
lists, and so forth (@sterlie et al., 2012; Almklov et al., 2014; Niemimaa, 2016).
Another way around, material arrangements can be — and in fact, in control room
settings are — relied on to return to habits in a situation of doubt.

Secondly, and relatedly, the CSCW tradition has developed an elaborate con-
cept of working routines. The classic concept of organizational routines (March
and Simon, 1958) designates them as repetitive actions by multiple actors. In this
established conceptualization, routines emerge from repeated experiences — just
like pragmatism tells us — but also require minimal effort from the actor.

When a stimulus is of a kind that has been experienced repeatedly in the past,
the response will ordinarily be highly routinized. The stimulus will evoke,
with a minimum of problem-solving or other computational activity, a well-
structured definition of the situation that will include a repertory of response
programs and programs for selecting an appropriate specific response from the
repertory. (March and Simon, 1958, p. 140.)

This classic approach likened organizational routines to individual habits but
understood habits to “require no thought; they are automatic” (Feldman and Pent-
land, 2003, p. 97). We contend that this is a misrepresentation of both habits and
routines from a pragmatist point of view. Drawing from Almklov et al. (2014),
we understand routines as formalized work practices that have been inscribed in
a material form, such as documents describing work tasks, flow diagrams, and
organizational charts. Routines are typically contained in formal procedures and
rules — as we show below — but this is not the only essential part of the analy-
sis of routines. As Feldman and Pentland (2003) show, routines are actions, not
just their description. Their work further distinguishes two kinds of routines:
ostensive routines are contained in guides and accounts, whereas performative
routines denote specific actions by particular people when bringing the routines
to life.

This two-part definition of routines is developed from Science and Technology
Studies (STS) and is also directly compatible with our interest in pragmatism.
Action is formed of habits and some of these habits are inscribed in working
routines, which can themselves be written to protocols, standards, checklists, and
so forth. Nevertheless, these routines need to be brought to life by the control
room workers to be effective. They do this, particularly in problematic situa-
tions where habits need to be resumed. This resumption of habits can rely on
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cognitive-reflective decision-making but is typically mediated by technologies,
such as phone calls, computer models, automation software, or a whole Informa-
tion Infrastructure. It is this interplay of habits, infrastructure, technologies, and
work that we drill into via control rooms next.

2.2 Summarizing previous perspectives from computer-supported collaborative
work

CSCW literature on control rooms shows several themes that speak to our point
of view of ongoing action as developed within pragmatism. We summarize and
comment on a selected aspect of this work, but do not aim at a systematic review
of previous studies within the space we have. That said, across the reviewed body
of literature, there are four common messages that emerge each of which we now
discuss in turn.

First, the control rooms examined lie at the crossroads: connecting different
organizations and their staff, standards, and activities (de Bruijne and van Eeten,
2007). In doing so, and internally, they furthermore bring together routines, hab-
its, and material artifacts: including informal and formal systems of accountabil-
ity (Almklov et al., 2020) and informal and formal response communities to cri-
sis (Purohit et al., 2014). All these practices need to be merged in and through the
control room practices.

Second, the clear role of technical and material tools in supporting working
practices comes across in several of the studies (@sterlie et al., 2012; Almklov
et al., 2014; Niemimaa, 2016). The local social order in control rooms and the
systems that they coordinate is performed by computer tools and artifacts (Wha-
len, 1995), and the control room’s physical objects act both as mental representa-
tions and interactive artifacts to wider systems (Letondal et al., 2013). While new
digital media has received attention in this context, some of these tools support-
ing coordination are decisively firm and established, such as the radiophones that
enact the institutional order in air traffic management (Juhlin and Weilenmann,
2005) or large paper maps that co-exist with advanced digitalized maps in emer-
gency dispatch (Pettersson et al., 2004).

Third, this focus on tools is inherent to many of these studies — and we would
argue, joins infrastructure studies and Science and Technology Studies (STS)
more generally, including participatory design and viewpoints on technology-in-
use (Hartswood et al., 2002). But especially Monteiro et al. (2013) have high-
lighted how tools in cooperative work are often not just any situated technolo-
gies, but technologies that need to adapt to distinct non-local constraints. Naming
these tools Information Infrastructure, the study focuses on the structuring
impacts of standardization and embeddedness in other unrelated technologies to
point out what digital tools are like.

The fourth message takes a different direction yet follows from the marked
focus on the control room tools both formally and informally. Many control
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room studies put considerable stress on studying the events happening in con-
trol rooms, often as they manifest in the tools used such as computer screens.
One study on traffic control even contrasts events directly with ‘non-events’ that
they define as routine occurrences (Anderson and Gordon, 2017). This is at odds
with our definition of routines as performative (Feldman and Pentland, 2003)
and equally ‘event-like’ as any form of action. Others lay considerable stress on
control room ‘incidents’ that arise and are recorded in information systems (Luff
et al., 2018) The very topic of many studies — notably emergency dispatch cent-
ers (Martin et al., 1997; Pettersson et al., 2004) and crisis coordination (Purohit
et al., 2014) — may support the idea that control rooms deal with manifold contin-
gencies and high workloads and are hence not routine workplaces.

Indeed, some studies take one more step into the reification of these ‘events’:
this happens when they encode the idea of there being control room events to the
cooperative tools being developed (Panagiotou et al., 2016). From our perspec-
tive, however, as already, indicated the focus on events prompts a dualism: action
is pigeonholed into situations that are like events and those that are non-events,
whereas for us, events do not happen outside of or before other actions precisely
because all action is already ongoing. Organizational studies on control rooms
further support this same argument when they note that disruptions in electric-
ity control room work are continuous (Roe and Schulman, 2008) and need to be
matched with reflective and nonprogrammed practice, not by mere repetition of
what has been done before. As Weick (2011) astutely notes, non-events are pro-
duced to be dynamic in control rooms. This is called sensemaking which, in our
reading, is compatible with the idea of habitual beliefs. We draw on this back-
ground to develop empirical attention to habits nested with specific tools to con-
tribute to current discussions on CSCW and its future directions.

3 Methods and materials

We utilize a field study approach, drawing from direct on-site observations and
interviews, to study control room practices on-site. We gathered this on-site
data to get insight into how the electricity system is produced, and technologies
reconfigured as part of daily practice; how the infrastructure is incessantly upheld
and performed in organizations in and through behaviors, techniques, and inter-
actions (Heath and Luff, 2000; Roe and Schulman, 2008). With these issues in
view, we studied an electricity distribution company in England in 2019 (oper-
ating over Yorkshire and North East England). The company as such was not
specifically ‘identified’ or ‘selected’ from several other electricity utilities in the
UK. Research permission was arranged with the company through collaborative
research in a “flex project” Control Rooms of the Future, funded by the Engineer-
ing and Physical Sciences Research Council project via the Centre for Energy
Systems Integration (CESI). No identifiable barriers or issues arose with regard
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to access to this field, though the two field researchers were required to negotiate
their presence and explain their research goals to higher-level managers, some
of whom were part of the same project while others worked in the control room
settings. In practice, we were allowed to interview each worker only once and do
observations during these visits. In total, 12 electricity control room operators
were interviewed along with about 20 h of participant observation.

The empirical observations of two electricity distribution control rooms
included interviews with key staff. Three control room shifts were observed in each
distribution system complemented by interviewing of key professionals, including
higher-level managers and the control room operators themselves. The interview
structure stemmed from the project context and handled questions about the poten-
tial and challenges for control room integration, in response to anticipated changes
in energy system management. Due to the sensitivity of the workplace and the tight
security, the interview results were written down only in notebooks. We also used
the notebooks for observations about control room working practices — writing
down who did what, with which other persons, by utilizing which communications
devices, and what they said to us or other persons.

The larger research project contained two distinct field sites — a local gas dis-
tribution network and an electricity distribution network — but in this paper, we
only focus on the latter because of the several differences between gas and elec-
tricity working practices that we have documented elsewhere (Abram and Silvast,
2021). The electricity and gas companies were embarking on experimental work
on future systems — including energy storage and an electrolyzer plant that can
convert between gas and electricity — but these systems were not yet commis-
sioned at the time of the study and hence remained represented only as visions
and via a simulated modeling exercise. The wider study also encompassed a reg-
ulatory review. Because of our interest in working practices and habits, we focus
in field studies of everyday work from our project materials (Almklov et al.,
2014).

It is important to note that the studied control room in electricity distribution
does not balance supply and demand but is focused on maintenance and repairs.
There is not currently any significant active network management in this region
of England. The conventional energy infrastructure was designed to serve what
was once a significant amount of heavy industry. Much of this industry has now
gone or been scaled down and there is generally an overcapacity of energy distri-
bution infrastructure. Much of the electrical network, for example, is over-rated
or has under-used assets. Large solar installations are less popular here than in
the South of England, which receives greater insolation.

However, as new, large-scale offshore wind energy plant is being installed
(particularly off the coast, from Hull and the North East), the geography of
this infrastructure is changing. Much of the infrastructure is aging, and as
assets are decommissioned, they are likely to be replaced with lower-capacity
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infrastructure. Increasing demands from electric vehicles, electric-powered heat-
ing, and local generation are also likely to bring new pressures to the network.
Hence, although curtailment of decentralized renewable energy is not currently
an issue in this region, it is expected to become increasingly important, and it is
already practiced in other regions (such as the South West), where active network
management is already in use. These changing situations are an important con-
text for our interest in technological shifts and the resulting changes in control
room habits.

In sum, these materials offer a unique empirical view into the operation of
highly restricted control room settings. It is true that we do not have access to
video recordings, audio recordings, and long-term observations that have been
typical in ethnomethodological scholarship in control rooms (Almklov et al.,
2020; Arminen et al., 2014; Luff and Heath, 2019; Pettersson et al., 2004). This
limitation lends weight to calls for more studies using detailed conventional
methods in the future. Our materials and methods offer nonetheless a sound fit
with the research task at hand: we aim to vindicate a general framework synthe-
sized from existing concepts and control room literature, that of control room
habits and their interruptions, and show its usefulness in an empirical study of
managing the electricity distribution. At the same time, our on-site research
focusing on everyday control room work offers an antidote to polarizing state-
ments and grand diagnoses of the social changes that energy systems have faced.

4 Results and discussion
4.1 Against grand diagnoses of current infrastructures

We have noted that the discussion on electricity distribution control rooms — just
like control room studies more generally — encounters a dilemma: the technol-
ogies and markets surrounding control rooms are changing rapidly, yet control
room studies necessitate the study of these changes in concrete working situa-
tions where such changes may be more gradual, embedded in habits, and simply
difficult to identify. This is also true for the discourse on advances (and risks) of
digitalization and as earlier and ongoing discourse on the benefits and demerits
of the markets in electricity distribution. It is not rooted deep enough in the lived
reality of control rooms.

In our research, we discussed changing demands on control room operators with
a managing engineer engaged in training. The engineer gave an account that was
corroborated in subsequent discussions with other control room operators. Namely,
the older control engineers were recruited based on their ‘field experience’, i.e.,
knowledge of the system and its apparatus. However, the increased use of ICT
in the control room required different knowledge and skills. Current recruitment
drives emphasized computing experience, and skill with computer games was
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considered as evidence of an ability to multi-task, react quickly, and rapidly ana-
lyze complex situations. Hence, rather than routines that could be seen as requiring
a minimum of problem-solving, the emphasis of the training was on its opposite,
the continuous and quick reactions using constant problem-solving activity.

This managing engineer enacted a strong dichotomy between habituality and
creativity. For him, the more experienced control room operators were bound to
their habits in a Jamesian sense, in a situation where the power system itself had
changed markedly. There was less emphasis on changing these social habits than
on recruiting a generation of new workers that had been habitualized to comput-
ers — and even computer games — to provide useful actions in the control rooms.

Nevertheless, older control room operators had to adapt considerably to digi-
tal technologies during their careers — a finding that corresponds closely with
how control room technicians in another context were retrained as “stockbrokers”
when the Finnish electricity market was opened up to competition in the 1990s
(Silvast, 2018). But these professional identities, recruitment strategies, and
training practices are only indirectly linked to the observable control room work.
In other words, they still operate at the level of rational descriptions of action
rather than the action itself. Meanwhile, the grand societal shifts are experienced
very differently in everyday working practices.

Market-based provision of infrastructures and digitalization often develops
a strong focus on supply-demand balancing, which is supposedly improved by
market relationships and information exchange (Silvast et al., 2018). There are
larger-scoped demand and generation balancing control rooms, but even they are
not strictly focused on the market only (Roe and Schulman, 2008). While these
kinds of control rooms must address marketized power and energy trading vari-
ables, reliability and safety are still key factors in their actions and appraisals
— and arguably in all control rooms where consequences affecting a large number
of customers are at stake.

The control rooms we studied emphasize this role of safety and reliability and
show that a vital part of the management of electricity distribution is not directly
connected to supply-demand matching. These infrastructures are engaged in ‘dis-
tribution’ from the transmission to the supply system and are driven by safety and
reliability issues, while effectively separated from energy trading considerations
— at least in a region like ours, where the demand was predictable enough to not
have to actively manage it at the time of the study. The more wicked problems
— such as ‘neoliberalism’ or the perception of infrastructure consumers in eco-
nomic theory — are therefore sidestepped to a degree. The control room is more
important as an infrastructure ‘node’ than from a demand-production perspective.

The control room has a coordinating role and distributes the control that it
exercises through its direct interaction with field engineers, landowners, opera-
tions managers, and so forth. In other words, the infrastructure is coordinated
to be coherent in the electricity distribution control room. As one operator
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described it, the control room has “an overall control function: this involves net-
working planning and support, which is integral to the network control room”.
In this task, another remarked that “safety is the paramount thing, and we follow
stringent rules”. What is important here is that while standard operating proce-
dures are used frequently in this environment and most operation is procedural-
ized, and while ostensive routines are never enacted in practice but as perform-
ative routines (Feldman and Pentland, 2003), the workers still emphasized the
ostensive routines discursively in the interviews. This is corroborated by other
findings from electricity control rooms in Finland (Silvast, 2017): the procedures
are not mere abstractions, but a part of how these workers talk about their work
and give meaning to it.

But rules do not mean mechanical rule-following in this instance: thus, resem-
bling the performative side of routines (Feldman and Pentland, 2003). This net-
work management is not merely a routine or not merely about reacting to faults:
in fact, the very distinction between routines and more active problem-solving is
not meaningful, considering what these control rooms are like as a workplace.
One high-level manager suggested to us that there are 20 planned outages a day to
start with (planned outages are arranged to correct faults that are known before-
hand). There was clearly a much large number of unplanned outages. Indeed, one
control room operator remarked during a quiet moment that it is “unusual not
to have alarms”. The alarm — sounding like a train whistle — regularly interfered
with our interviews.

This observation becomes a comment on digitalization. The control room
habits showed us how digitalization and automatization should not be simply
equated. Slayton’s (2013) “digital utopianism” would be expressed in the idea
that digital technologies bypass the need for human action and maintenance of
working habits. It is true that digital technologies have replaced some working
practices — notably the need for constant calculations, historically significant in
the management of the electricity supply (Tympas, 2003). But habits and the
need to resume them in instances of doubt remain central in the manual correc-
tion of faults and coordination of maintenance — in other words, performing the
infrastructure coherently. These practices have not been replaced by “digitaliza-
tion” and some of them may be strengthened by it.

This comment on automation is particularly important because it is also a
first-order concept to the control room operators. As ethnomethodology tells us,
not only do the social scientists use abstract concepts, but the actors studied also
apply them. When prompted about changes in their job, one operator signaled
“so much automation” increasingly in the last ten years. According to the opera-
tor, this means that when automation comes into play, “the operators have to step
back”. This automation — related to fault-solving, as explained below — is indeed
also related to digital systems, hence the link between automation and digitaliza-
tion is founded in this case. But this automation remained partial, not least due to
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the legacy of older equipment in the distribution network, and the frequency of
equipment failures including of automated systems themselves.

That being said, many types of digital systems were used for purposes other
than automation, including maps, emails, and remote communications. There
was a jumble of digital technologies from various historical periods mixing
seamlessly: online maps with several graphical layers, emails being sent, used
alongside with telemetry connecting to remote components, and built up gradu-
ally in the last 15 years. This long-time span — which in fact far exceeds working
contracts in many other professions — is not unusual in electricity distribution
with its heterogenous mix of infrastructure components of different ages. One
operator, for instance, was amid managing the changing of oil in a transformer
— a routine that needs to happen once in every 12 to 24 years and that could not
easily be called automatic since it would not likely be experienced repeatedly
during the career of one person. Furthermore, when the oil of the transformer
— and the transformer itself — was 24 years old or more, the obduracy of the elec-
trical infrastructure became an aspect of the working habits.

In summary, it would be hard to discern any single digital ‘revolution’ in the
control room space, since so many different digitalizations in the plural meshed
into the work. Digital technologies were all-pervasive as they arguably have been
in grid management since the 1950s (Cohn, 2015). This argument is different from
the notion of co-existing computerized tools with other tools (such as paper maps)
(Pettersson et al., 2004), since the very digitalization is not one single entity.

4.2 The role of working routines

In terms of habits and their interruptions, organizational studies have stressed a
vital argument on control rooms that is however easy to misread. This is that a
significant part of control room work is ex-temporized (Schulman et al., 2004;
Roe and Schulman, 2008). As Schulman et al. (2004, p. 25) observe, a high
degree of “inventiveness is often in evidence”. It is perhaps compelling to read
this as a vision of wholly decentralized work where all control rooms are invent-
ing the rules, and the social order is performed anew every time in each action.
But the organizational studies go further than this: control rooms are not only or
even mainly about performing without preparation. Inventiveness is needed in
very specific conditions when working situations have become volatile and reac-
tions need to be just in time. In fact, there are several conditions in control rooms
where inventing work is not necessary and might even be against the rules. Our
findings showed this considering the importance of working routines.

We distinguished between practices, habits, and routines in our conceptualiza-
tion. Practices become habits and habits eventually become performative routines
through repeated rehearsal. As a result, they may take on the appearance of mere
well-structured responses drawing on what has been done — but are based in care-
fully structured safety practices.
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Various routines play a central, more general role than improvisation in the
control rooms we studied. This can be interpreted by ethnomethodology and ver-
sions of pragmatism (Kilpinen, 2000): much of everyday work must be taken for
granted for habits to function. But in a setting, such as an infrastructure control
room, routines are not mere manners or repeated human actions but are inter-
twined with working tools instead, and the working tools are created to serve
certain governing regulations and standards (Almklov et al., 2014).

An example in the UK is the duration of a power interruption, where the mark
of 3 min plays a major role in the regulatory instructions and guidance.> An
interruption of service when it lasts more than 3 min has distinct impacts and
framings in terms such as liability, reporting, and compensation. In our observa-
tions, we saw this 3-minute mark not only guiding the working routines but being
coded directly in the fault-solving software that the operators used, called APRS,
short for Automatic Power Restoration System. The operators we spoke to were
not ambivalent or uncertain about this automation: they saw it as a useful addi-
tion to their work. One of them remarked that in the APRS one “lets the system
do some things”. The system had been coded to solve in average 70% of faults in
less than 3 min. The operator would take a step back and observe what is happen-
ing, however, some manual switching was still required. He explained: “I can see
what is happening when it is happening, when it works it is superb”.

We saw in our observations how the routines were encoded in folders that con-
tained specifications of working and flow diagrams of activities that described the
working processes. These procedures themselves led all the way to the regulatory
codes and even the license conditions of the distribution company, and trainee con-
trol engineers were examined on their knowledge (and internalization) of these
codes and procedures. But they also had to be performed by the habits and the
creative problem-solving of the workers to become effective in everyday work.

4.3 The role of ongoing problem-solving in the making of the infrastructure

If improvisation and inventive working practices are not feasible in a highly routi-
nized workplace, then what role does unprogrammed problem-solving have in con-
trol room work of managing the electricity distribution? Classic work on organi-
zational routines dedicated considerable attention to solving this issue. March and
Simon (1958, pp. 185-86) argued that daily routines tend to curb planning, and in
every case, highly programmed tasks seem to dominate over unprogrammed tasks
in organizations. This leads them to ask: “How, then, does unprogrammed activity
ever take place”? (p. 185). Their solution was two-fold: either resources must be
directed to nonprogrammed activity (such as by the creation of planning units that

3 See: Ofgem’s “RIIO-ED1 regulatory instructions and guidance: Annex F — Interruptions” in https:/
www.ofgem.gov.uk/sites/default/files/docs/2015/06/annex_f_interruptions_0.pdf.
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are not linked to day-to-day tasks in organizations) or there has to be enforced dead-
lines that cannot be pragmatically reached without using unprogrammed activity.

The control rooms in this field study rise to this situation in an empirically
nuanced manner and the theme of habits and resuming them speaks to this theme
directly. Or as recent organizational studies call it, sensemaking happens continu-
ously to solve both programmed and unprogrammed tasks (Weick, 2011).

The findings below also become an important addition to be made to the theme
of this issue on the decentralization of work and distributed workplaces. The con-
trol room does distribute but does not wholly decentralize operations. The con-
trol room brings together human actors and maintains a ‘situational picture’. This
‘situational picture’ involves both protocols and human actors’ understanding of
them. This is an expression of ongoing sensemaking, or to use pragmatist terms,
the resuming of habits is done by day-to-day teamwork.

The shared performing of situational pictures and ensuring that habits were
effective was evident when observing the control room phone calls, several
received during our observations. During phone calls, control room operators
and field engineers work to a script, calling and repeating details to ensure
beyond doubt that they understand one another. The risk of electric shock if
a control operator disconnected the wrong part of the distribution network is
significant, so protocols for communication are designed to ensure that both
parties to a phone conversation are clear about exactly which part of the equip-
ment they are referring to. In one phone call, the field engineer at the other end
first spoke several numbers out loud (according to our notes, these numbers
were related to water getting into the oil of the power cable). The operator then
repeats these numbers out loud. The other end gives more numbers. The opera-
tor again repeats them. He then types them in a computer interface and repeats,
but the other end does not respond. In other instances, field maintenance was
coordinated over the phone by short bursts of talk and terms that were typed to
the screen by the control room operator to embed the shared understanding.

As in these examples, the control room work is therefore for a significant
degree about understanding and human actors’ own belief about what is hap-
pening at a current moment: including how long actions will take, what prob-
lem is at stake, limits needed, numbers, and specifics of works being carried
out. These dispositions to act in a specific way in certain situations become a
matter of checking, accountability, and even liability when errors are at stake.

It is also important to qualify that this sensemaking and belief is not the
same as merely possessing information or data. Control room operators need
information and data, including not only predictive maintenance predictions
or the measurements of the network frequency, but also weather data. Like
power generation (Silvast, 2018), electrical distribution critically depends on
the weather and specifically anticipating it. One operator showed us a detailed
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map of lightning strikes, including ground and air strikes. Storms were con-
tinuously being prepared for. The operators hence carried out a “daily risk
assessment of the weather: focused on different areas, lightning, snow, icing,
and the temperature”. Also flooding risks and flash floods had to be considered
for their risks to the electricity infrastructure.

Yet, this information is not adequate to form habitual beliefs, nor can the risk
assessment be encoded in working routines that would practically automate the
work. The beliefs are more extensive and socially shared than this information
of the individuals on any particular matter: as shown readily by the weather
being observed by risk assessments that could be shared within the control room
team. What remains for human operators is to make sense of that data.

This turns us to another change related to the decentralization of power pro-
duction rather than the work itself. While this control room was not connected
to supply-demand balancing, it did experience new kinds of power flows as the
result of the introduction of distributed generation, such as renewables. Hence
one operator said deterministically, “everything used to be linear”, indicating
that the situation is growing in complexity. In particular, when power flows in
both directions in the network, the information system in use is not sufficiently
up-to-date and does not offer a prediction of these flows. This then created
again a need for sensemaking of the power flows, demanding that control engi-
neers go back to calculations on reactance and capacitance in the system to
ensure they understood power flows and how to safely isolate parts of the net-
work. The shift toward renewable energy, coupled with putative marketization
and digitalization, does not diminish the role of human sensemaking and effec-
tive habits in the control rooms. It strengthens their role in control room work
and creates the need for more scholarship of them in future studies.

5 Conclusion

We have reviewed the control room literature and its gaps, generalizing control
room study within CSCW using concerns from a detailed study of electric-
ity distribution control rooms. We have then presented our own case study on
electricity distribution management that empirically deepens some of the gen-
eralizations. This inquiry led to four generalizing conclusions that point to the
need for evolution in the CSCW literature in control rooms.

First, and most generally, we showed the key problems studied in CSCW
and highlight aspects not yet addressed empirically and with sufficient focus
on methodological questions. In particular, we highlighted how a perspective
focusing on material tools in control rooms can be complemented by a focus on
working habits, reflectivity, and diverse working routines, from ostensive and
particularly to performative (Feldman and Pentland, 2003). That human actions
and material tools blend in control room work is a well-established starting
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point (@sterlie et al., 2012). We demonstrated how scholars can dig deeper
into this intersection, by examining habits as mediators between organizational
rules at large, technologies in use and being managed, and ongoing action.

Second, our inquiry into conventional electricity control rooms and their
working habits critiques the idea that control rooms have just recently become
more decentralized and distributed as workplaces. While a certain image of cen-
tralized control via control rooms persists, especially when it comes to historical
visions about centralized computerized control (Liacco, 2013, 1974), the focus
of this paper on control rooms as central nodes of diffuse yet highly interde-
pendent infrastructures provides a different, multi-sited vantage point (Luff and
Heath, 2019). Control rooms are distributed workplaces (Blomberg and Karasti,
2013) and the working habits mediate to other locations via specific technolo-
gies in use. In fact, most control room technologies are dependent on infrastruc-
tures that span well beyond the organization (Monteiro et al., 2013) and it is dif-
ficult to pinpoint what exactly is centralized and what decentralized in the work.
Thus, we argue that instead of a decentralization or centralization thesis, control
room studies would benefit from asking how the distribution can be represented
by reliance on effective working habits in the control room and how its material
obduracy — such as aging components in the electricity network — produces spe-
cific effects in the situational control room work.

Third, we contribute to a widened scope in CSCW and control room studies.
Coordination and interaction are inherent to the focus we develop on organiza-
tion, teamwork, material tools, and human sensemaking via effective and socially
shared habits (Weick, 2011). As over a decade ago (Roe and Schulman, 2008)
these aspects remain crucial for understanding the complex and critical control
room work of managing large infrastructures and representing it adequately with
a strong reliance on sensemaking on the spot. The distribution control room
offered an ideal research site as it merges the material cultures of the electricity
network technology with skilled practice and teamwork as social cooperation.

Fourth and finally, we align this idea of habits and routines with sensemak-
ing as a general expression of activity in the control rooms, even creativity.
Organizational routines are not enacted solely as they are codified in process
descriptions, for example, but they are domesticated to the control rooms
through continuous and shared sensemaking: namely, inquiries on what is
currently going on and how well each control room worker and maintainer is
aware of those instances. As Feldman and Pentland (2003) aptly summarized
several years ago, working routines are not mere surface-level rules, but rou-
tines are action. This leads us finally to reinterpret one key finding of CSCW
literature. A large body of literature has shown how control room tools and
methods support work practices, but we suggest that sensemaking supports the
tools and methods and that they would not function at all without this largely
overlooked ‘social infrastructure’ of control room habits.



Habits Over Routines: Remarks on Control Room Practices and...

Acknowledgements

The authors warmly thank the Special Issue Editors, the Editor, and two anony-
mous reviewers for their helpful comments.

Funding Open access funding provided by NTNU Norwegian University of Sci-
ence and Technology (incl St. Olavs Hospital - Trondheim University Hospital).
The research underpinning this article was funded by EPSRCthrough a Flex Fund
grant awarded by the National Centrefor Energy Systems Integration (Award no
FFC1-022).

Declarations
Conflict of interest The authors declared that they have no conflict of interest.

Open Access This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons
licence, and indicate if changes were made. The images or other third party mate-
rial in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to obtain per-
mission directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

Abram, Simone; and Antti Silvast (2021). Flexibility of Real-Time Energy Distribution: The Changing
Practices of Energy Control Rooms. Journal of Energy History/Revue d’Histoire de l’Energie, no. 5.

Almklov, Petter Grytten; Kristin Halvorsen; and Jens Petter Johansen (2020). Accountability
on the Fly - Accounting for Trouble in Space Operations. Computer Supported Cooperative
Work (CSCW) vol. 29, no. 1-2, pp. 191-226. https://doi.org/10.1007/s10606-019-09370-z.

Almklov, Petter Grytten; Thomas @sterlie; and Torgeir Kolstg Haavik (2014). Situated with
Infrastructures: Interactivity and Entanglement in Sensor Data Interpretation” Journal of the
Association for Information Systems vol. 15, no. 5. https://doi.org/10.17705/1jais.00361.

Anderson, Ben; and Rachel Gordon (2017). Government and (Non)Event: The Promise of Con-
trol. Social & Cultural Geography vol. 18, no. 2, pp. 158—177. https://doi.org/10.1080/14649
365.2016.1163727.

Arminen, Ilkka; Inka Koskela; and Hannele Palukka (2014). Multimodal Production of Second
Pair Parts in Air Traffic Control Training. Journal of Pragmatics vol. 65, pp. 42—62. https://
doi.org/10.1016/j.pragma.2014.01.004.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10606-019-09370-z
https://doi.org/10.17705/1jais.00361
https://doi.org/10.1080/14649365.2016.1163727
https://doi.org/10.1080/14649365.2016.1163727
https://doi.org/10.1016/j.pragma.2014.01.004
https://doi.org/10.1016/j.pragma.2014.01.004

A. Silvast et al.

Blomberg, Jeanette; and Helena Karasti (2013). Reflections on 25 Years of Ethnography in
CSCW. Computer Supported Cooperative Work (CSCW) vol. 22, no. 4-6, pp. 373-423.
https://doi.org/10.1007/s10606-012-9183-1.

Bruijne, Mark de; and Michel van Eeten (2007). Systems That Should Have Failed: Critical
Infrastructure Protection in an Institutionally Fragmented Environment. Journal of Contin-
gencies and Crisis Management vol. 15, no. 1, pp. 18-29. https://doi.org/10.1111/j.1468-
5973.2007.00501 .x.

Biischer, Monika; Satinder Gill; Preben Mogensen; and Dan Shapiro (2001). Landscapes of Prac-
tice: Bricolage as a Method for Situated Design. Computer Supported Cooperative Work vol. 10,
no. 1, pp. 1-28. https://doi.org/10.1023/A:1011293210539.

Camic, Charles (1986). The Matter of Habit. American Journal of Sociology vol. 91, no. 5,
pp. 1039-1087. https://doi.org/10.1086/228386.

Cohn, Julie (2015) Transitions from Analog to Digital Computing in Electric Power Systems. /EEE
Annals of the History of Computing vol. 37, no. 3, pp. 32-43. https://doi.org/10.1109/MAHC.
2015.37.

Feldman, Martha S.; and Brian T. Pentland (2003). Reconceptualizing Organizational Routines as
a Source of Flexibility and Change. Administrative Science Quarterly vol. 48, no. 1, pp. 94-118.
https://doi.org/10.2307/3556620.

Gobo, Giampietro (2008). Doing Ethnography. London: Sage.

Graham, Stephen; and Simon Marvin (2001). Splintering Urbanism: Networked Infrastructures,
Technological Mobilities. London: Routledge.

Hartswood, Mark; Rob Procter; Roger Slack; Alex Vof}; Monika Biischer; and Philippe Rouchy
(2002). Co-Realisation: Towards a Principled Synthesis of Ethnomethology and Participatory
Design. Scandinavian Journal of Information Systems vol. 14, no. 2.

Heath, Christian; and Paul Luff (2000). Technology in Action. Cambridge University Press. https://
doi.org/10.1017/CBO9780511489839.

Heritage, John (1984). Garfinkel and Ethnomethodology. John Wiley and Sons.

International Energy Agency (2022). Digitalisation: Making Energy Systems Smarter, More Con-
nected, Efficient and Resilient. https://www.iea.org/topics/digitalisation. Date accessed: 9
December 2022

Juhlin, Oskar; and Alexandra Weilenmann (2005). Decentralizing the Control Room: Mobile Work
and Institutional Order. In Proceedings of the Seventh European Conference on Computer-
Supported Cooperative Work, 16-20 September 2001, pp. 379-97. Kluwer. https://doi.org/10.
1007/0-306-48019-0_20.

Kilpinen, Erkki (1998). Review Essay: Creativity Is Coming. Acta Sociologica vol. 41, no. 2-3,
pp. 173-179. https://doi.org/10.1177/000169939804100206.

Kilpinen, Erkki (2000). The Enormous Fly-Wheel of Society: Pragmatism’s Habitual Conception
of Action and Social Theory. Helsinki: Helsinki University Print.

Kilpinen, Erkki (2009). The Habitual Conception of Action and Social Theory. Semiotica vol. 173,
pp- 99-128. https://doi.org/10.1515/SEMI.2009.004.

Kilpinen, Erkki (2016). In What Sense Exactly Is Peirce’s Habit-Concept Revolutionary? In Studies
in Applied Philosophy, Epistemology and Rational Ethics. Vol. 31. Springer. https://doi.org/10.
1007/978-3-319-45920-2_12.

Letondal, Catherine; Christophe Hurter; Rémi Lesbordes; Jean Luc Vinot; and Stéphane Conversy
(2013). Flights in My Hands: Coherence Concerns in Designing Strip’TIC, a Tangible Space for
Air Traffic Controllers. In Conference on Human Factors in Computing Systems - Proceedings,
pp. 2175-84. ACM. https://doi.org/10.1145/2470654.2481300.

Liacco, Tomas E. Dy (1974). Real-Time Computer Control of Power Systems. Proceedings of the
IEEE vol. 62, no. 7, pp. 884-891. https://doi.org/10.1109/PROC.1974.9541.


https://doi.org/10.1007/s10606-012-9183-1
https://doi.org/10.1111/j.1468-5973.2007.00501.x
https://doi.org/10.1111/j.1468-5973.2007.00501.x
https://doi.org/10.1023/A:1011293210539
https://doi.org/10.1086/228386
https://doi.org/10.1109/MAHC.2015.37
https://doi.org/10.1109/MAHC.2015.37
https://doi.org/10.2307/3556620
https://doi.org/10.1017/CBO9780511489839
https://doi.org/10.1017/CBO9780511489839
https://www.iea.org/topics/digitalisation
https://doi.org/10.1007/0-306-48019-0_20
https://doi.org/10.1007/0-306-48019-0_20
https://doi.org/10.1177/000169939804100206
https://doi.org/10.1515/SEMI.2009.004
https://doi.org/10.1007/978-3-319-45920-2_12
https://doi.org/10.1007/978-3-319-45920-2_12
https://doi.org/10.1145/2470654.2481300
https://doi.org/10.1109/PROC.1974.9541

Habits Over Routines: Remarks on Control Room Practices and...

Liacco, Tomas E. Dy (2013). Power/Energy: System Security: The Computer’s Role: Several Secu-
rity-Related Functions Can Be Aided by the Digital Computer, and Linked Together by a Soft-
ware Scheme. IEEE Spectrum vol. 15, no. 6, pp. 43-50. https://doi.org/10.1109/mspec.1978.
6367726.

Luff, Paul; and Christian Heath (2019). Visible Objects of Concern: Issues and Challenges for
Workplace Ethnographies in Complex Environments. Organization vol. 26, no. 4, pp. 578-597.
https://doi.org/10.1177/1350508419828578.

Luft, Paul; Christian Heath; Menisha Patel; Dirk vom Lehn; and Andrew Highfield (2018). Creating
Interdependencies: Managing Incidents in Large Organizational Environments. Human-Computer
Interaction vol. 33, no. 5-6, pp. 544-584. https://doi.org/10.1080/07370024.2017.1412830.

Luque-Ayala, Andrés; and Simon Marvin (2016). The Maintenance of Urban Circulation: An
Operational Logic of Infrastructural Control. Environment and Planning D: Society and Space
vol. 34, no. 2, pp. 191-208. https://doi.org/10.1177/0263775815611422.

March, James, and Herbert Simon (1958). Organizations. John Wiley and Sons.

Martin, David; John Bowers; and David Wastell (1997). The Interactional Affordances of Technol-
ogy: An Ethnography of Human-Computer Interaction in an Ambulance Control Centre. In Peo-
ple and Computers XII, pp. 263-81. Springer. https://doi.org/10.1007/978-1-4471-3601-9_16.

Monteiro, Eric; Neil Pollock; Ole Hanseth; and Robin Williams (2013). From Artefacts to Infra-
structures. Computer Supported Cooperative Work (CSCW) vol. 22, no. 4-6, pp. 575-607.
https://doi.org/10.1007/s10606-012-9167-1.

Niemimaa, Marko (2016). Entanglement of Infrastructures and Action: Exploring the Material
Foundations of Technicians’ Work in Smart Infrastructure Context. In 2016 International Con-
ference on Information Systems, ICIS 2016.

Dsterlie, Thomas; Petter G. Almklov; and Vidar Hepsg (2012). Dual Materiality and Knowing in
Petroleum Production. Information and Organization vol. 22, no. 2, pp. 85-105. https://doi.org/
10.1016/j.infoandorg.2012.01.001.

Panagiotou, Nikolaos; Ioannis Katakis; Dimitrios Gunopulos; Vana Kalogeraki; Elizabeth Daly;
Jia Yuan Yu; and Brendan O. Brien (2016). Mining Hidden Constrained Streams in Practice:
Informed Search in Dynamic Filter Spaces. In Proceedings of the 2016 IEEE/ACM International
Conference on Advances in Social Networks Analysis and Mining, ASONAM 2016. https://doi.
org/10.1109/ASONAM.2016.7752293.

Pettersson, Marten; Dave Randall; and Bo Helgeson (2004). Ambiguities, Awareness and Econ-
omy: A Study of Emergency Service Work. Computer Supported Cooperative Work (CSCW)
vol. 13, no. 2, pp. 125-154. https://doi.org/10.1023/B:COSU.0000045707.37815.d1.

Purohit, Hemant; Andrew Hampton; Shreyansh Bhatt; Valerie L. Shalin; Amit P. Sheth; and John
M. Flach (2014). Identifying Seekers and Suppliers in Social Media Communities to Support
Crisis Coordination. Computer Supported Cooperative Work (CSCW) vol. 23, no. 4-6, pp. 513—
545. https://doi.org/10.1007/s10606-014-9209-y.

Randall, David, Mark Rouncefield, and Peter Tolmie (2021). Ethnography, CSCW and Ethnometh-
odology. Computer Supported Cooperative Work (CSCW) vol. 30, no. 2, pp. 189-214. https://
doi.org/10.1007/s10606-020-09388-8.

Robertson, Roland; and Bryan S. Turner (1989) Talcott Parsons and Modern Social Theory —
An Appreciation. Theory, Culture & Society vol. 6, no. 4, pp. 539-558. https://doi.org/10.1177/
026327689006004002.

Roe, Emery; and Paul Schulman (2008). High Reliability Management: Operating on the Edge.
Stanford: Stanford Business Books.

Roe, Emery; and Paul Schulman (2018). A Reliability & Risk Framework for the Assessment and
Management of System Risks in Critical Infrastructures with Central Control Rooms. Safety
Science vol. 110, pp. 80-88. https://doi.org/10.1016/j.85¢i.2017.09.003.


https://doi.org/10.1109/mspec.1978.6367726
https://doi.org/10.1109/mspec.1978.6367726
https://doi.org/10.1177/1350508419828578
https://doi.org/10.1080/07370024.2017.1412830
https://doi.org/10.1177/0263775815611422
https://doi.org/10.1007/978-1-4471-3601-9_16
https://doi.org/10.1007/s10606-012-9167-1
https://doi.org/10.1016/j.infoandorg.2012.01.001
https://doi.org/10.1016/j.infoandorg.2012.01.001
https://doi.org/10.1109/ASONAM.2016.7752293
https://doi.org/10.1109/ASONAM.2016.7752293
https://doi.org/10.1023/B:COSU.0000045707.37815.d1
https://doi.org/10.1007/s10606-014-9209-y
https://doi.org/10.1007/s10606-020-09388-8
https://doi.org/10.1007/s10606-020-09388-8
https://doi.org/10.1177/026327689006004002
https://doi.org/10.1177/026327689006004002
https://doi.org/10.1016/j.ssci.2017.09.003

A. Silvast et al.

Sandusky, Robert J. (2003). Infrastructure Management as Cooperative Work: Implications for
Systems Design. Computer Supported Cooperative Work (CSCW) vol. 12, no. 1, pp. 97-122.
https://doi.org/10.1023/A:1022465603388.

Schulman, Paul; and Emery Roe (2007). Designing Infrastructures: Dilemmas of Design and the
Reliability of Critical Infrastructures. Journal of Contingencies and Crisis Management vol. 15,
no. 1, pp. 42-49. https://doi.org/10.1111/j.1468-5973.2007.00503 .x.

Schulman, Paul; Emery Roe; Michel van Eeten; and Mark de Bruijne (2004). High Reliability and
the Management of Critical Infrastructures Reliable Provision of Electricity Under the Cali-
fornia Restructuring: Evidence from the 2000-2001 California Electricity Crisis. Journal of
Contingencies and Crisis Management vol. 12, no. 1, pp. 14-28. https://doi.org/10.1111/j.0966-
0879.2004.01201003.x

Silvast, Antti (2017). Making Electricity Resilient: Risk and Security in a Liberalized Infrastruc-
ture. London: Routledge.

Silvast, Antti (2018). Co-Constituting Supply and Demand: Managing Electricity in Two Neigh-
bouring Control Rooms. In E. Shove; and F. Trentmann (eds.): Infrastructures in Practice: The
Evolution of Demand in Networked Societies, London: Routledge, pp. 171 — 8§3.

Silvast, Antti; and Mikko J. Virtanen (2021). On Theory—Methods Packages in Science and Tech-
nology Studies. Science, Technology, & Human Values. https://doi.org/10.1177/0162243921
1040241.

Silvast, Antti; Robin Williams; Sampsa Hyysalo; Kjetil Rommetveit; and Charles Raab (2018).
Who ‘uses’ Smart Grids? The Evolving Nature of User Representations in Layered Infrastruc-
tures. Sustainability vol. 10, no. 10. https://doi.org/10.3390/su10103738.

Slayton, Rebecca (2013). Efficient, Secure, Green: Digital Utopianism and the Challenge of Making
the Electrical Grid ‘Smart.” Information & Culture vol. 48, no. 4. https://doi.org/10.7560/ic48403.

Su, Norman Makoto; Hiroko N. Wilensky; and David F. Redmiles (2012). Doing Business with
Theory: Communities of Practice in Knowledge Management. Computer Supported Coopera-
tive Work (CSCW) vol. 21, no. 2-3, pp. 111-162. https://doi.org/10.1007/s10606-011-9139-x.

Suchman, Lucy (2011). Practice and Its Overflows: Reflections on Order and Mess. TECNO-
SCIENZA Italian Journal of Science & Technology Studies vol. 2, no. 1, pp. 21-30.

Tympas, Aristotle (2003). Perpetually Laborious: Computing Electric Power Transmission before
the Electronic Computer. International Review of Social History vol. 48, no. S11, pp. 73-95.
https://doi.org/10.1017/S0020859003001275.

Weick, Karl E. (2011). Organizing for Transient Reliability: The Production of Dynamic Non-
Events. Journal of Contingencies and Crisis Management vol. 19, no. 1, pp. 21-27. https://doi.
org/10.1111/j.1468-5973.2010.00627 .x.

Whalen, Jack (1995). A Technology of Order Production: Computer-Aided Dispatch in Public
Safety Communications. In P. ten Have and G. Psathas (eds.): Situated Order: Studies in the
Social Organization of Talk and Embodied Activities. University Press of America, pp. 187-230.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.


https://doi.org/10.1023/A:1022465603388
https://doi.org/10.1111/j.1468-5973.2007.00503.x
https://doi.org/10.1111/j.0966-0879.2004.01201003.x
https://doi.org/10.1111/j.0966-0879.2004.01201003.x
https://doi.org/10.1177/01622439211040241
https://doi.org/10.1177/01622439211040241
https://doi.org/10.3390/su10103738
https://doi.org/10.7560/ic48403
https://doi.org/10.1007/s10606-011-9139-x
https://doi.org/10.1017/S0020859003001275
https://doi.org/10.1111/j.1468-5973.2010.00627.x
https://doi.org/10.1111/j.1468-5973.2010.00627.x

	Habits Over Routines: Remarks on Control Room Practices and Control Room Studies
	Abstract. 
	1 Introduction
	2 Review and conceptual perspective
	2.1 The concepts of habit, routine, and reflection
	2.2 Summarizing previous perspectives from computer-supported collaborative work

	3 Methods and materials
	4 Results and discussion
	4.1 Against grand diagnoses of current infrastructures
	4.2 The role of working routines
	4.3 The role of ongoing problem-solving in the making of the infrastructure

	5 Conclusion
	Acknowledgements
	References


